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1. Introduction 
~lycosphingolipids function as antigens [I], recep- 
tors [2] and possibly regulators of cell proliferation 
and interaction 131. They are chemically well defined, 
but they may represent only a part of the complex 
membrane machinery through which functions are 
achieved. Therefore, putative membrane proteins that 
may specifically interact with glycolipids have been 
postulated [4]. Their presence has been indicated by 
association of the specific membrane protein to a spe- 
cific affinity glycolipid-glass column although the 
protein was not eluted nor isolated 151. Two amphi- 
pathic low molecular weight (~4000) proteins have 
been isolated from ethanol and chloroform-methanol 
extracts of bovine erythrocytes that have some affinity 
to gangiioside (gangliophilin) and one of them dis- 
played a strong Paul-Bunnell antigen activity [6]. The 
topology and organization of gIycoIipids and mem- 
brane proteins is now studied by heterobifunctional 
crosslinking reagents introduced in 171. A large variety 
of crosslinking reagents have been used to study the 
arrangement and organization of proteins within cell 
membranes [S-lo]. Methyl-4-azidobenzoimidate 
(MABI) terminates in a light-sensitive arylazido group 
which is coupled to an imidoester function which 
Abbreviations: MABI, methyWazidobenzoimide: PMSF, 
pbenylmethylsulfonyl~uo~de; PBS, phosphate buffered 
saline (0.14 M NaCl, 2.6 mM KC& 8 mM Na,HPO,, 1.5 mM 
KH,PO, pH adjusted as indicated): RBC, red blood cells; 
globoside, a major glycolipid of human RBC membrane with 
a structure GalNAcpl-3 Ga~ffl~4Gal~l~4Gl~ljlCer [12] 
* Present address: Biochemistry Department, Hospital for 
Sick Children, Toronto, 5MG 1X8, Ontario, Canada 
under alkaline conditions forms a linkage with any 
available amino group j7]. During ultraviolet irradia- 
tion the arylazido group is photolysed and will react 
with neighbouring C-H or C=C bonds [7,10] thus 
covalently linking adjacent components together. A 
crosslinking of peanut lectin and its receptor through 
a cleavable heterobifunctional reagent was reported in 
P11. 
Here we report on the direct crosslinking of globo- 
side or the indirect crossiinking through anti-globoside 
antibodies to the neighbouring globoside-associated 
protein (globophilic protein) to give a specific cross- 
linked complex. 
2. Materials and methods 
Fresh human RBC were washed by centrifugation 
3 times with PBS (pH 7.4). Aliquots of packed cells 
(0.5 ml) were treated according to one of the follow- 
ing procedures: (a) resuspended in 1 ml PBS, pH 6.0 
containing 25 units neuraminidase (Behring Diagnos- 
tics, Somerville, NJ) and 2 mM PMSF (Sigma, St 
Louis, MO); (b) resuspended in 10 ml PBS (pH 7.4) 
containing O.ZS% trypsin (Difco, Detroit, MI}; (c) 
resuspended in 1 ml PBS containing 2 mM PMSF as 
the control. All samples were incubated at 37°C for 
30 min centrifuged and washed 3 times with PBS 
(pH 7.0). 
2.2. Surface labelling 
&lactose oxidase-NaB3H4, carried out in 1 ml 
PBS (pH 7.0), 20 units galactose oxidase (Kabi, 
Stockholm), 3 h at room temperature, followed by 
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resuspension in 1 ml PBS (pH 7.4) containing 1 mCi out essentially as in [l9]. The slab gels were stained 
NaB3H4. After incubation at room ten~perature for for protein with Coomassie blue and radiolat~elled 
30 min unlabelled NaBH4 was added and the cells proteins detected on autoradiographs after fluorog- 
were washed 3 times with PBS [ 131. raphy [20]. 
2.3. Preparation of RBCghosts 
This was by hypotonic lysis according to [I 41. The 
ghosts were resuspended in 10 vol. 310 mosM phos- 
phate buffer and allowed to reseal at 4°C for 30 min. 
3. Results and discussion 
2.4. Coupling of 4methylazidobenzoimidute (MABI) 
and ultraviolet activation 
(a) Resealed RBC ghosts (from 0.5 ml packed cells) 
were resuspended in I ml PBS (pH 8.0) in the dark. 
MABI was dissolved in PBS (pH 8 .O) (1 mg/ml). 
MABI solution (0.1 ml) was added to the RBC sus- 
pension at room temperature every 10 min for 1 11. 
The cells were incubated for a further 30 min and 
washed twice with PBS. 
(b) Antigloboside (1 mg/ml) purified by affinity 
chromatography [ 151 was coupled with MABI as 
above and dialyzed extensively against PBS. The 
hemagglutination titre of the antibodies for trypsinized 
human RBC was checked before and after coupling 
and aliquots were frozen in a ligltt-proof container. 
Resealed RBC ghosts were treated with MABI-anti- 
globoside on ice overnight. MABI treated samples, 
either the procedure (a) or (b), were crosslinked as 
required by exposure to ultraviolet light (5 min, 1 cm 
from an Ultragrad II mineral light). RBC components 
were extracted in 1% Empigen [I 6] in 50 mM Tris 
(pH 8.0) at room temperature for 1 h (90-9570 sur- 
face-labelled material released) or 4% SDS according 
to experimental design. 
No evidence of crosslinking was seen in the deter- 
gent extract of surface-labelled RBC treated with 
MABI and ultraviolet light. Treatment with neura- 
minidase or trypsin prior to labelling and MABI addi- 
tion did not facilitate crosslinking (fig.]). Oniy when 
membrane components which react with anti-globo- 
side were selected could any change in electrophoresis 
pattern be detected after crosslinking. Precipitation 
of the Empigen released proteins with anti-globoside 
revealed a new labelled band from MABI treated cells 
2.5 . ~m~niino~recipitation 
Globoside and proteins reactive to anti~loboside 
were precipitated as in [ 171. The Empigen RBC 
extracts were diluted and treated with the affinity- 
purified anti-globoside antibodies [IS] or normal 
rabbit serum for 1 h at 4°C. Antigen-antibody com- 
plexes and excess antibodies were then selectiveljr 
removed by addition of heat-killed ~~~~~~Z~c~cc#s 
aureus bacteria 2181. The bacterial pellet was washed 
twice and bound material was eluted by boiling in 4% 
SDS. The eluted material was then separated by SDS 
slab gel electrophoresis in 8% polyacrylamide. 
2.6. E~e~tro~horesis 
SDS-polyacrylamide electrophoresis was carried 
Fig.1. Polyacrylamide lectrophoretic separation of RBC sur- 
face components. Arrows 1,2,3 indicate the position for 
band 3 protein, glycophorin A and B, respectively. RBC 
(untreated, or neuraminidase or trypsin digested) were 
labelled with galactose oxidase/NaB[3H], and treated with 
MABI with and without subsequent exposure to ultraviolet 
light as described in the text. Cells wexe extracted with 1% 
Empigen (1 h, room temperature) and samples applied to the 
gel. (a) Control; Co) neuraminidase-treated; (c) trypsin-treated; 
(d) control, ultraviolet irradiated; (e) neuraminidase-treated, 
ultraviolet irradiated;(f) trypsin-treated, ultraviolet irradiated. 
266 
Volume 112, number 2 FEBS LETTERS ApriI 1980 
after exposure to ultraviolet light. The new band 
migrates faster than other precipitated and labelled 
proteins and is of app. mol. wt 50 000. ~euraminidase 
treatment of RBC ghosts generally enhanced the gly- 
coprotein labels which were reactive to anti-globoside. 
This is corresponding to the ‘gfoboprotein’ as in [IS]. 
However, the intensity of the crosslinked component 
with app. mol. wt 50 000 was not much different, and 
no additional crossfinked cornportent was observed 
after neurarninidase treatment (fig.2bf. The crosslink. 
ing was still detectable for trypsinized RBC although 
the overall labelling was much reduced (fig.Zd). The 
most reasonable explanation of these results is that 
Fig.2, Effect of crosslinking with MABI on the SDS-&&m- 
phoretic pattern of RBC cell surface-labelled glycoproteins 
reactive to anti%loboside. RBC were treated with neuraminid- 
ase or trypsin prior to galactose oxidase labelling, treated 
with MA31 with or without ultraviolet irradiation, extracted 
with 1% Empigen, and treated with an~i~lobo~de or normal 
rabbit serum followed by precipitation with ~~~~~~15~0~~~s 
mwt~s (see text). (a) neuraminidas~-treated non-irradiated; 
(b) neuraminidase-treated and irradiated; (c) trypsinized non- 
irradiated; (d) trypsinized and ultraviolet irradiated. The posi- 
tion of molecular markers is indicated at the left margin. The 
arrows indicate the location of the crosslinked component. 
gioboside is directly coupled to a neighbouring low 
molecular Wight protein or proteins to form a new 
higher molecular weight complex. 
Attempts to crosslink proteins by treating surface- 
labelled RBC ghosts with ante-globoside pre-coupled 
to MABI proved successful only for trypsin treated 
cells when the exposure of globoside is maximal 
(fig.3). A new band, which is indicated by arrow in 
fig.3c,g, is evident after crosstinking corresponding to 
an app. mot. wt 76 000. If this complexed band is 
assumed to contain one ~rnn~ur~oglobulin light chain 
linked to one surface protein complex, the RBC pro- 
tein incorporated into the complex would also have 
mol. wt -50 000 (76 000-25 000 = 5 1 000) which 
could be a similar complex as shown in flg.2. L,ow 
molecular weight ampl~ipathiG proteins, being soluble 
both in ~hlorofor~l-~let~lanol and in water, have 
been isolated from bovine erythrocyte membrane 
which displayed a binding affinity to glycolipid, partic- 
ularly GM~-gangliosid~ [6]. The crosslinked complex 
demonstrated in the precipitate with anti-glob&de 
may contain globosidc and globophilic protein, with 
mol. wt 50 000. Identification of crosslinked com- 
ponents through a cleavable crossIinking reagent 
remains to be studied. A possible role of glycolipid- 
associated protein in tratlsn~embrane control of cel- 
lular metabofism and in inter~elIular recognition 
through glycoli~id is an important topic in future 
study. 
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Fig.3. Crosslinking using anti-globoside coupled to MABI. Red blood cells were treated with neuraminidase or trypsin before or 
after surface labelling with galactose oxidase. After lysis the resealed ghosts were treated with MABI-anti~loboside (see section 2) 
with and without subsequent ultraviolet irradiation. Surface components were solubifized as before and separated by electro- 
phoresis. (a) Neuraminidase-treated prior to surface labelling, ultraviolet-irradiated prior to extraction; (b) as (a) without ultra- 
violet irradiation; (c) trypsin-treated prior to surface labelling, ultraviolet-irradiated prior to extraction. (d) as (c) without ultra- 
violet irradiation; (e) neuram~idase-treated after surface labelling, ultraviolet-~radiated prior to extraction; (f) as (e) without 
ultraviolet irradiation; (g) trypsin-treated after surface labelling, ultraviolet-irradiated prior to extraction (h) as (p) without ultra- 
violet irradiation; (i) control, ultraviolet irradiated; (j) as (i) without ultraviolet irradiation. Arrows indicate the location of the 
crosslinked components. 
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